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5.0 Saddle Geometry 


5.1 General information 


ctubefwd := 1.388-in Fwd crosstube bore radius (see dwg D2917/D2918) 
ctubeaft :- 1.50-in Aft crosstube bore radius (see dwg D2919/D2920) 


5.2 Bell Saddles 


The forward and aft Bell saddles are one-piece aluminum forgings, part numbers 209-052-204-3 (fwd saddle) 
and 209-052-204-1 (aft saddle). Figure 3 in Reference 1 at the end of this report shows the Bell saddle 


geometry. 
n4 :=6 Number of MS27039-4-13 screws in bearing & shear 
d4 := 0.250-in Diameter of MS27039-4-13 screws 
n5:-8 : Number of MS27039-5-14 screws in bearing & shear 
d5 ‘= 0.312. in Diameter of MS27039-5-14 screws 
tmatf := 0.125-in Fwd Bell forged saddle material thickness (minimum) 
tmata :- 0.155. in Aft Bell forged saddle material thickness (minimum) 
ncb := 12 Number of crosstube rivet bearing & shear areas 
deb :7 0.313-in Hole size for crosstube rivets 
Lb :- 8.00-in Length of Bell saddles 
e :=0.5-in Edge distance for MS27039 screws 
e4 :=e- d4 e4 7 025-in Tearout distance for MS27039-4-13 screws 
e5:-e- d5 e5 = 0.19 vin Tearout distance for MS27039-5-14 screws 


5.3 Dart Saddles 


The geometry of a typical Dart saddle is illustrated in Figure 2 of Reference 1 at the end of this report. 
These dimensions have been taken from dwgs D2917-D2918, which are the replacement parts for 
209-052-204-3, and dwgs D2918-D2919, which are the replacement parts for 209-052-204-1. 


nt:-8 Number of skidtube bolt shear areas 
tw :=0.750-in .Rib width 
tover := 0.245. in Overhang thickness 
wf :=0.750-in Skidtube flange width 
Df :- 0.438-in Diameter of saddle flange bolt holes 
ef:- SES Di + tover ef =0.4 vin Flange edge distance 
g :=.125-in Gap between inboard-outboard saddles 
ded := 0.313-in Hole size for crosstube bolts (see dwg D2917-D2920) 
ned :=4 Number of crosstube bolt shear areas 
txf := 0.265-in Fwd min. material thickness near saddle xtube bolt holes 
txa :=0.315-in Aft min. material thickness near saddle xtube bolt holes 
Ld :=8-in Length of Dart saddies 
tg :=0.313-in Thickness of saddle groove 
nf :=4 Number of flange bolts each side of cross tube 
tf:=0.170-in WAS o4175 Fwd minimum saddle material thickness 
----—-—-— —ta := 0.225-in - - —- -. Aft minimum saddle material thickness 
trf :=txf— tf trf — 0.1 in Fwd rib thickness 
tra :=txa — ta tra = 0.09 ‘in Aft rib thickness 
u:=0.8 Conservative aluminum on aluminum friction 


co-efficient (see table on Page 12 of Reference 2) 
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A comparison between the fatigue curves for unnotched 2014-T6 material vs. unnotched 6061-T6 
material shows that the 6061-T6 materia! used in Dart saddles is better than the 2014-T6 material 
used in Bell saddles (see Ref 2 Pages 9 and 10b). A reduction factor of 0.65/0.74=0.88 will therefore 
be applied in comparing Bell saddle material allowables to Dart saddle material allowables. 


ff:- 0.88 


7.1 Lower Saddle Strength Comparison 
The lower section of the Dart saddle is the same for both the D2917/D2918 forward saddle and the 


D2919/D2920 aft saddle. 
Ads :=2-tg-(Ld - 4-Df) 


Abf := 2-tmatf (Lb — 4-d4 — 2-d5) 
Aba ‘= 2-tmata-(Lb — 4-d4 - 2-d5) 


Ultimate Tensile Strength 


Ftud := Ftu3- Ads 
Ftubf := Ftu4- Abf-ff 
Ftuba := Ftu4- Aba- ff 


Msif. PRÉ 
Ftubf 


= Ftud _ 
Ftuba 


—— 


MSla 


Compressive Yield Strength 


Fcyd ‘= Fcy3- Ads 
Feybf := Fcy4- Abf ff 
Fcyba := Fcy4- Aba-ff 


do 
Fcybf 
Fcyd _ 


MS2f : 1 


MS2a := 1 


Fcyba 


Tensile Yield Strength 
Ftyd := Fty3- Ads 
Ftybf := Fty4- Abf-ff 
Ftyba := Fty4- Aba-ff 


Ads =3.91 vin? 
Abf = 1.59 "in? 
Aba = 1.98 vin? 


Ftud = 164272 *lb 
Ftubf = 91177 «lb 
Ftuba = 113059 lb 


MSIf = 0.80 


o 


MSla =0.45 


Fcyd = 136894 ‘Ib 
Fcybf = 82760 -Ib 
Fcyba = 102623 -Ib 


MS2f = 0.65 
a 


MS2a = 0.33 


Doa 


Ftyd = 136894 -lb 
Ftybf = 78552.32 “lb 
Ftyba = 97405 lb 


MS3f = 0.74 
-— 


MS3a = 0.41 


e 


Fatigue factor 


Area of Dart saddle in tension/compression 


Area of fwd Bell saddle in tension/compression 


Area of aft Bell saddle in tension/compression 


Dart allowable ultimate tensile force 
Fwd Bell allowable tensile force (ultimate) 
Aft Bell allowable tensile force (ultimate) 


Margin of Safety - Dart fwd saddle 


(lower section) in tension (ultimate) 


Margin of Safety - Dart aft saddle 


(lower section) in tension (ultimate) 


Dart allowable compressive force (yield) 
Fwd Bell allowable compressive force (yield) 
Aft Bell allowable compressive force (yield) 


Margin of Safety - Dart fwd saddle 


(lower section) in compression (yield) 


Margin of Safety - Dart aft saddle 


(lower section) in compression (yield) 


Dart allowable tensile force (yield) 


Fwd Bell allowable tensile force (yield) 
Aft Bell allowable tensile force (yield) 


Margin of Safety - Dart fwd saddle 
(lower section) in tension (yield) 


Margin of Safety - Dart aft saddle 


` (lower section) in tension (yield) 
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Shear Strength 


Fsd := Ads-Fsu3 Fsd = 105604 -lb Dart allowable shear force (ultimate) 
Fsbf := Abf:Fsu4- ff Fsbf = 56109 -Ib Fwd Bell allowable shear force (ultimate) 
Fsba := Aba-Fsu4-ff Fsba = 69575 ‘Ib Aft Bell allowable shear force (ultimate) 
Msat -Èi _ y MS4f=0.88_ Margin of Safety - Dart fwd saddle 

Fsbf (lower section) in shear (ultimate) 
MS4a S - 1 MS4a = 0.52 Margin of Safety - Dart aft saddle 

Fsba i d (lower section) in shear (ultimate) 


7.2 Saddle to Skidtube Fastener Comparison 


In order to compare the fasteners holding the saddles onto the skidtube, the fastener shear strengths, the 
shear tear-out of the saddle material, and saddle material bearing allowables must be considered. The 
margin of safety comparison will then be completed by comparing the weakest link of each configuration. 


Fastener Shear Strengths 

Dart saddles are held onto the skidtube with 4 AN4 bolts and D2570 stainless steel bushings. Additionally, 
the Dart system has a redundant load path for attaching the saddle to the skidtube. The saddle is 
configured to interlock over a flange on the extruded Dart skidtube. 


The strength of the bolt and bushing combination is calculated as follows: 


Db :=0.257-in D2570 stainless steel bushing hole size 
Fsubush :- 50000-Ib-in ? Bushing material shear strength (Ref. 2 Pg. 13) 
Abush :=Z. (pr z Db?) Abush = 0.1 “in” Bushing area 

4. 
Fbush := Fsubush- Abush Fbush = 4939.96 -lb Bushing allowable shear force 
Ffast := Fbush + FsuAN4 Ffast = 8619.96 Ib Total shear force through bolt and bushing 


Shear failure of the fasteners holding the Dart saddles onto the skidtube occurs when the bolts and 
bushings as well as the ridge on the outside of the skidtube fails. 


As ‘= wf:Ld - x D£. As =5.4-in’ 
Fflange := 2-Fsul-As Fflange = 280660 ‘lb 
Ftot ‘= Ffast-nt + Fflange Ftot = 349619 -lb Dart allowable shear force 


Shear failure of the fasteners holding the Bell saddles and skidtube occurs when the rivets holding the 
saddles onto the skidtube fail. 


Friv := n4-FsuANá4 + n5-FsuANS Friv = 68080 ‘lb Bell allowable shear force 


Shear Tear-out of the Saddle Material 
Shear tearout of the Dart configuration occurs when the bolts and bushings tear through the ridge and when 


the-ridge-tears-offthe-saddle. 


Fdtear := Fsu3-(2-nt ef tg + 2-Ld-tover) Fdtear = 160062 lb Dart tear-out force 
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Shear tearout of the Bell configuration occurs when the MS27039-4/MS27039-5 bolts tear through the 
saddle material. 


Fbtearl := Fsu4-fftmatf:(2-n4-e4+ 2-n5:e5)  Fbtearl = 26435 'lb Bell tear-out force of fwd saddle 
Fbtear2 := Fsu4-ff tmata-(2-n4-e4 + 2-n5-e5) ` Fbtear2 = 32780 'lb Bell tear-out force of aft saddle 


Bearing of the Fasteners on the Saddle Material 
Abf := 2-tflange-Ld Abf = 0.80 "in? Bearing area of Dart saddles 


Ultimate Bearing Allowable 


Bud :- nt-Df-tg-Fbru3 + Fbrul- Abf Bud = 162114 Ib Dart allowable bearing force (ultimate) 
Bub] := (n4-d4 + n5-d5)-Fbru4-tmatf ff Bubl = 54066 -lb Bell allowable bearing force (fwd, ultimate) 
Bub2 := (n4-d4 + n5-d5)-Fbru4-tmata-ff Bub2 = 67042 ‘lb Bell allowable bearing force (aft, ultimate) 


Yield Bearing Allowable 


Byd :=nt-Df-tg-Fbry3 + Fbryl-Abf Byd = 111612 Ib Dart allowable bearing force (yield) 
Bybl :- (n4-d4 + n5-d5)-Fbry4-tmatf ff Bybl = 39560 ‘lb Bell allowable bearing force (fwd, yield) 
Byb2 :- (n4-d4 + n5-d5)-Fbry4-tmata- ff Byb2 = 49055 Ib Bell allowable bearing force (aft, yield) 


Margin of Safety 


The above analysis shows that the Bell saddles will fail in shear tear-out before the fasteners fail or the 
saddles fail in bearing. The Dart saddles will fail in bearing before they fail in shear tear-out or before the 


fasteners fail. 


ssf :=BYd__ y MSSf = 322 Margin of Safety - Dart fwd saddle-to-skidtube 
Fbtearl fastener failure 

MS5a := Bu. 1 MSSa = 2.40 Margin of Safety - Dart aft saddle-to-skidtube 
Fbtear2 fastener failure 


7.3 Saddle to Crosstube Fastener Strength Comparison 

In order to compare the fasteners holding the saddles onto the crosstubes, the fastener shear strengths 
and saddle material bearing allowables must be considered. The margin of safety comparison will then be 
completed by comparing the weakest link of each configuration. 


A significant advantage of the Dart saddle clamping system is that the friction between the saddle and the 
crosstube reduces the load transferred to the bolts to resist twisting moments. The installation instructions 
include torquing instructions to ensure that this friction load carrying capability is developed The method 
used to calculate this friction force is outlined in Figure 4 of Reference 1. 


Fa := 3130-ib Axial force per fiange bolt 

Fmax ‘= 0.9-nf-Fa Fmax = 11268 -1b Total force exerted by all flange bolts 

N :=2-7-Fmax N = 70798.93 ‘Ib Normal force on crosstube 

Ff :=u-N Ff = 56639.15 ‘Ib Friction force between saddle and crosstube 


Fastener Shear Strength 
Dart-saddle e-h 


do a 


bolting the 2 halves of the saddles together. 
Fsd := Ff + ncd-FsuAN5 Fsd = 79639 ‘Ib Twisting force allowed before Dart saddle to 


crosstube bolts fail in shear 
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Bell saddles are held onto the crosstubes with 12 MS90354-1006 rivets but there is no friction force to resist 
twisting moments between the skidtube and the crosstube. 


Fsb := ncb-Fsu1006 Fsb = 102000 -Ib Twisting force allowed before Bell saddle to 
crosstube rivets fail in shear 


Bearing of the Fasteners on the Saddle Material 
Ultimate Bearing Allowable 


Bud :- Ff + ncd-dcd-txf.Fbru3 Bud = 85836 ‘Ib Twisting force allowed before Dart saddles fail in 
bearing (ultimate) 


Bub! :- ncb:dcb-tmatf Fbru4- ff Bubl =50819 «lb Twisting force allowed before Bell fwd saddles 
fail in bearing (ultimate) 
Bub2 := ncb-dcb-tmata-Fbru4-ff ^ Bub2 =63015 ‘lb Twisting force allowed before Bell aft saddles 


fail in bearing (ultimate) 
Yield Bearing Allowable 


Byd :- Ff + ncd-ded-txf Fbry3 Byd = 75882 ‘lb Twisting force allowed before Dart saddles yield 
in bearing (yield) 


Bybl := ncb-dcb-tmatf-Fbry4-ff Bybl =37184 -lb Twisting force allowed before Bell fwd saddles 
yield in bearing (yield) 
Byb2 := ncb-dcb-tmata: Fbry4- ff Byb2 = 46109 -Ib Twisting force allowed before Bell aft saddles 


yield in bearing (yield) 
Margin of Safe 


The above analysis shows that the Bell saddles will fail in bearing before the fasteners that hold the saddles 
onto the crosstubes fail. In the Dart configuration, the fasteners will fail in shear before the saddles will fail 


in bearing. 


MS6f := pe 1 MS6f = 1.14 Margin of Safety - Dart fwd saddle-to-crosstube 
Bybl —_— fastener failure 

MS6a := Es 1 MS6a = 0.73 Margin of Safety - Dart aft saddle-to-crosstube 
Byb2 ye fastener failure 


7.4 Upper Saddle Strength Comparison 


This calculation checks the strength of the saddle material through the critical cross section 
illustrated in Figure 5 of Reference 1. The estimates for the inertia values and the area of this 
cross section are also shown in the Reference section. 


Lf:- Be. ctubefwd Lf = 2.61 ʻin Dart forward saddle flange length 

2 
La „hd ctubeaft La = 2.50 “in Dart aft saddle flange length 
CGxf := ctubefwd + 0.5-Lf CGxf = 2.69 in Dart forward Center of Gravity of flange 
CGyf := ctubefwd + tf + = CGyf = 1.61 ‘in Dart forward Center of Gravity of rib 
CGxa := ctubeaft + 0.5-La CGxa = 2.75 “in Dart aft Center of Gravity of flange 
CGya := ctubeaft + tf + = CGya = 1.72 'in Dart aft Center of Gravity of rib 
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Isxf `= T [(ctubefwd + tf)" = chibefwd | + 4. "ud + ELE CGn] Isxf = 15.61 “inf 
12 
n 4 4 1 3 Hl? 
Isyt 7 (ctubefiwd + tf^ = ctubetwd? | + 2-| L-1.5-tw-trË + 1.5-tw-trf-CGyf" + Lett Ë + =) Isyf = 2.28 "in 
12 22 
Asf := «| (ctubefwd + tf)? - ctubefwd? | + 4-tf-Lf + 2-1.5-tw-trf Asf =3.56 "in? 
Isxa := El Cotubeat + ta)’ - ctubeaft] +4- nl T Lacon Isxa = 21.17 in’ 
12 
T 4 4 1 3 2 g tf : 4 
Isya =T [tubes + ta) - ctubeaft ] + 2-| —-1.5-tw-tra” + 1.5-tw-tra-CGya™ + Lf-tf |2 + — Isya = 3.59 “in 
12 22 
Asa := e| ( ctubeaft + ta)? — ctubefwd? | + 4-ta-La + 2-1.5-tw-tra Asa = 5.75 "in. 


The inertias of the Bell saddles are based on the circular cross section shown in Figure 3 of Reference 1. 


Ibf := "nal (ctubefwd + tmatf)* — ctubefwd“ | 


Abf = ml (ctubefwd + tmatf)? — ctubefwd' | 
Iba := q ml (crubeat + tmata)* - ctubeaft* | 


Aba := rl (ctubeaft + tmata)? - ctubeafé | 


Ultimate Bending Allowable 


Mdufl. = 163938 -Ib-in 


Mduf2 = 58008 -lb-in 


Mdual = 222239 -lb-in 


Mdua2 = 83148 -lb-in 


Mbuf = 45392 -Ib-in 


Mbua = 66227 °Ib-in 


MS7f = 2.61 


MS7a = 2.36 


Ibf = 1.2 “int Bell forward saddle inertia 


Abf = 1.14 ‘in? Bell forward saddle area 
Iba -1.92-in ^ Bellaft saddle inertia 


Aba = 1.54 “in” Bell aft saddle area 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddle 


Bell bending allowable for forward saddle 


Bell bending allowable for aft saddle 


Margin of Safety - Dart fwd-aft bending allowable 
for forward saddle (ultimate) 


Margin of Safety - Dart fwd-aft bending allowable 
for aft saddle (ultimate) 


Mdufl := Ftu3-Isxf-2 
Mduf2 = Ftu3-Isyf 
ctubefwd + txf 
Mdual = Ftu3-Isxa-2 
Ld 
Mdua2 ‘= Ftu3-Isya 
ctubeaft + txa 
Mbuf := Ftu4-Ibf-ff 
ctubefwd + tmatf 
Mbua ‘= Ftu4-Iba-ff 
ctubeaft -- tmata 
maze = MM. q 
Mbuf 
MSja  MOUM y 
Mbua 
MSSf := -1 
Mbuf 
Msga;-Mdes2 _ q 
Mbua 


MS8f = 0.28 


MS8a = 0.26 


Margin of Safety - Dart inboard-outboard bending 
allowable for forward saddle (ultimate) 


Margin of Safety - Dart inboard-outboard bending 
allowable for aft saddle (ultimate) 
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Compressive Yield Bending Allowable 


Maych := eae Mdycfl = 136615 -1b-in 
Ld 
Mdycf2 ¿PH Mdycf2 = 48340 -Ib-in 
ctubefwd + txf 
Mdyca = Feyð-Isxa-2 Mdycal = 185199 -Ib-in 
Ld 
Mdyca2 ESA Mdyca2 = 69290 -Ib-in 
ctubeaft + txa 
Mule DER. Mbyf = 41202 -Ib-in 
ctubefwd + tmatf 
Moya: ee Mbya = 60114 -Ib-in 


ctubeaft + tmata 


Msor.- Mdyefl _ | MS9f = 2.32 
Mbyf 

msga:= Máyeal _ ; MS9a =2.08 
Mbya 

Msior.- Mayet? _ | MS10f =0.17 
Mbyf 

MS10a := Mdyca2 |, MS10a =0.15 
Mbya 


Tensile Yield Bending Allowable 


Mayer E93 1512 
Ld 
Mdytf2 := FS Isyf _ Mdytf2 = 48340 -Ib-in 
ctubefwd + txf 
Mdytal := Ftyð-Isxa-2 Mdytal = 185199-Ib-in 
Ld 
Mdyta2 3 sya _ Mdyta2 = 69290 -Ib-in 


ctubeaft + txa 
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Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddie 


Bell bending allowable for forward saddle 


Bell bending allowable for aft saddle 


Margin of Safety - Dart fwd-aft bending 
allowable for forward saddle (compressive yield) 


Margin of Safety - Dart fwd-aft bending 
allowable for aft saddle (compressive yield) 


Margin of Safety - Dart inboard-outboard bending 
allowable for forward saddle (compressive yield) 


Margin of Safety - Dart inboard-outboard bending 
allowable for aft saddle (compressive yield) 


Sn Qo vk 


Mdytfl = 136615 "lb:in Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddle 
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Mbyf := PE Mbyf = 39107 ‘fb-in Bell bending allowable for forward saddle 
ctubefwd + tmatf 
Mbya := ENDE. 2 Mbya = 57057 *lb-in Bell bending allowable for aft saddle 


ctubeaft + tmata 


MSI11f := Moyni.. l MSI 1f = 2.49 Í Margin of Safety - Dart fwd-aft bending 
Mbyf allowable for forward saddle (tensile yield) 
MSIla Al. 1 MS] la =2.25 Margin of Safety - Dart fwd-aft bending 
Mbya allowable for aft saddle (tensile yield) 
MS12f = Mdytf2 -1 MS12f =0.24 Margin of Safety - Dart inboard-outboard bending 
Mbyf allowable for forward saddle (tensile yield) 
MS12a = Mdyta2 -1 MS12a =0.21 Margin of Safety - Dart inboard-outboard bending 
Mbya allowable for aft saddle (tensile yield) 


Shear Allowable 


Fsudf := Fsu3- Asf Fsudf = 96209 -lb Dart shear force allowable 
Fsuda :=Fsu3- Asa Fsuda = 155204 ‘Ib Dart shear force allowable 
Fsubf := Fsu4- Abf-ff Fsubf = 40101 ‘lb Bell shear force allowable for forward saddle 
Fsuba := Fsu4- Aba: ff Fsuba = 54078 ‘Ib Bell shear force allowable for aft saddle 
MSI3f := Esudf -1 MSI3f=1.4 -— Margin of Safety - Dart shear allowable for fwd 
Fsubf saddle 
MS13a = Esuda -1 | MS13a = 1.87 Margin of Safety - Dart shear allowable for aft 
Fsuba saddle we 
Grr geen ES av” 
8.0 Skidtube Comparisons o, GA "n di it yr D Mo 
8.1 General Information Çu core ee 
It is an important aspect of skidtube design that the structure maintain its shape to preserve inertial Y (0 


properties. Experience has shown that round tubes lose at least 10% of their primary inertial properties 
under bending conditions. 


fb := 0.90 


Secondly, the analysis of section 7.4 shows that Dart saddles are significantly stiffer than Bell saddles in 
the principal skidtube bending direction therefore increasing the rigidity of the supports in a beam 
analysis. In terms of bending moments resulting from a centrally located load P over a beam of length L, 
a pinned-pinned beam must be designed for bending moments of the magnitude PL/4 while a fixed-fixed 
beam must be designed for bending moments of the magnitude PL/8. The allowable bending moments in 
a pinned-pinned beam are therefore half of the allowable bending moments in fixed-fixed beam. Because 
of the difference in end conditions between a Dart skidtube and a Bell skidtube, a reduction factor will be 


b) 


applied-to-the-allowable-bending-moements-in-Bell-skidtubes: 


fe := 0.90 
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